In this paper we evaluate whether the course "System Analysis and Scenario Technique" at BOKU University can equip students with the necessary competencies to perform transdisciplinary research to foster the integration of science, technology, policy and practice. Furthermore, we investigate what the most effective didactic methods applied in the course are, and whether the course qualifies as transdisciplinary pedagogy. The course follows the simplified framework of a transdisciplinary case study and tries to transfer such an approach into the traditional curricula of Master programs. An online survey among former participants of the course was conducted. Results for the years 2015/16 and 2016/17 indicate that the course indeed has potential to increase transdisciplinary competencies among participants and could therefore qualify as transdisciplinary pedagogy. Students expressed that work with real-world cases and stakeholders from outside the university was the most effective didactic method. However, the study also showed that there were limits in integrating real-world cases within the course. Students complained about the high workload and time constraints. Short-term solutions might include optimizing case selection and student guidance. Long-term solutions beg for a reorganization of traditional Austrian curricula that would allow for the appropriate arrangement of the course with other classes. These results highlight some of the advantages, but also drawbacks of moving transdisciplinary education outside of standard curricula.
Introduction
"Agricultural sciences nevertheless have to operate at the interface between technological, economic, natural and social systems; and between different knowledge systems and policy arenas. They also have to provide credible science in a context of competing narratives, and interpretations, of how to achieve sustainable agriculture." (13th European IFSA Symposium, 2018, http://www.ifsa2018.gr/en/themes/symbosium_themes).
As a response, the 18th IFSA Symposium called for the integration of science, technology, policy and practice and asked what competencies key actors in these fields need to enhance a dialogue between them (13th European IFSA Symposium 2018). The integration of scientists and non-scientists to solve complex real-world problems can be called transdisciplinary research (see Hadorn et al. 2008) . A transdisciplinary dialogue between key actors indeed seems to be fundamental for solving such complex, real-world problems, and ultimately for sustainable development (Krainer and Winiwarte 2016; Lang et al. 2012) . To understand food and farming systems, transdisciplinary approaches are essential as research in this field should be participatory (Darnhofer et al. 2012) and include stakeholders throughout the entire research process (see the development of farming systems research in Bingen and Gibbon (2012) . Although transdisciplinary research has experienced a rise in popularity since its emergence in the late 1970s, it still faces a large number of cultural, institutional, organizational and psychological challenges (Lang et al. 2012) . One necessary and often overlooked solution in overcoming such challenges is education and training of students in higher education.
As key stakeholders are educated at universities1, higher education institutions in general have been facing increasing demand to partake in beneficial societal transformation processes through transdisciplinary research (Krainer and Winiwarter 2016) ; in doing so they have the obligation to teach those skills to their students. Therefore, it is even more surprising that until recently, transdisciplinarity played such a small role in higher education. " The relevance of transdisciplinary research within sustainability science (in addition to interdisciplinary research) is almost mainstream nowadays. In contrast to this, transdisciplinarity receives rather limited consideration within academic teaching and learning concepts." (Merck and Beermann 2015, p. 19) Although transdisciplinarity continues to play only a minor role in mainstream curricula, there has recently been a stronger call for teaching that encompasses experimental learning and real-world problems, including in the area of food and farming research (Francis et al. 2015; Lieblein et al. 2007) , and many novel teaching initiatives are emerging. However, as many educational programs and curricula have not been designed for flexibility, many of these new initiatives try to find their home outside of the often more rigid structure of normal curricula of Bachelor and Master programs. Courses that explicitly focus on training students' transdisciplinary competencies through theory and practice often take place in form of summer schools, larger research projects or other extra curricula activities (Grant et al. 2018) .
Consequently, in this paper we take a closer look at the course "Systems Analysis and Scenario Techniques"2, which tries to bring a simplified transdisciplinary case study into the standard curricula for students studying organic farming systems and agro-ecology. To our knowledge it is the first paper which evaluates the effectiveness of bringing transdisciplinary case studies into a rigid course format. We hypothesize that using a case study approach in a standard course structure will have positive learning effects on the students. However, we also foresee limitations due to constraints caused by classical course formats and inflexible programs. The objective of 1 Many key actors in agrofood systems have had some form of higher education. In 2016 roughly 1,500 students completed a study program at the University of Natural Resources and Life Science in Vienna (BOKU) (Glößl, 2017) . Many of them will take diverse positions in our current agrofood system in which they are confronted with complex situations and problems. 2 The authors of the paper were involved in designing this lecture. Bernhard Freyer taught the course together with Rebecca Paxton until the 2014/15 school year when Valentin Fiala took over. this work is to cast light on the potential advantages and drawbacks of integrating transdisciplinarity into a normal course structure instead of extra-curricular initiatives. In doing so, we hope to further the discourse about the education of key actors in food and farming systems.
Our analysis was guided by the following questions: -Does the course increase student competencies in transdisciplinary research? -What are the most effective didactic methods to achieve transdisciplinary competencies? -Does the course qualify as transdisciplinary pedagogy?
This paper is of exploratory character. We conducted an online survey among former participants of the course. In this, we asked them to assess the transdisciplinary competencies they gained in the course, let them evaluate which didactic methods used in the course were the most effective, whether the course qualifies as part of transdisciplinary pedagogy, and to comment on the general importance, strengths and weaknesses of the course.
Transdisciplinarity: What and How to Learn?
In the following section, we develop a theoretical framework to answer our research questions, including three parts: (i) competencies necessary for transdisciplinary research, (ii) didactic methods for training, and (iii) broader pedagogies for learning transdisciplinary research. The term transdisciplinarity was first coined in the 1970s (Hadorn et al., 2008) and has since increased in popularity. Transdisciplinary research crosses disciplinary borders as well as the borders of research institutions. The concept is more than a theoretical approach, a specific method or a discipline on its own. Although it does not aim to abolish the principle of disciplinarity, it does seek out a new mode of knowledge production. Transdisciplinarity widens the benefits of academic research from its traditional perspectives to societal, political and economic perspectives from multiple disciplines and stakeholders, expanding upon interdisciplinarity with its integration of stakeholders (Jahn 2008) . Consequently, transdisciplinarity is seen as an organizational principle that reduces the limitations of problem solving capacities of single disciplines (Mittelstraß 2005) . Although it is difficult to find a commonly accepted or shared definition (Jahn, 2008) , at its core, transdisciplinarity has four main concerns:
"First the focus on life-world problems; second the transcending and integrating of disciplinary paradigms; third participatory research; and fourth the search for unity of knowledge beyond disciplines." (Hadorn et al. 2008, p. 29) Accordingly, transdisciplinarity is not something easily achieved, and researchers often find themselves in novel and unfamiliar territory. With the high level of complexity transdisciplinarity often tackles within research problems, it becomes clear that an ideal transdisciplinary research process differs vastly from classic disciplinary work (see Lang et al., 2012) and requires a specific set of competencies.
Transdisciplinary competencies
What are the necessary competencies people have to have to successfully conduct transdisciplinary research? Nash et al. (2003) lists several competencies that should be achieved in transdisciplinary training programs and distinguishes them into three categories: attitudes, knowledge and skills (see also Grant (2013) , who draws similar conclusions for food and farming research). The distinction between these categories is merely an analytical one, as the skills necessary to perform transdisciplinary practices involve-among otherscombinations of emotional attitudes and cognitive skills (see Reckwitz 2002; Schatzki et al. 2001 ). Yet they are useful to obtain an overview of the personal requirements of transdisciplinary research.
Attitudes
According to Nash et al. (2003, p. 45) , training courses should encourage participants to take over the following attitudes to successfully conduct transdisciplinary research:
"(i) to value transdisciplinary education, (ii) to be open to, accepting of, and respecting contributions of other disciplines, (iii) be curious about what other disciplines offer, (iv) be willing to risk venturing outside own area of expertise, (v) to be optimistic that risks taken can lead to advances, (vi) to be aware of own limits and abilities."
Knowledge
Within the second category of transdisciplinary competencies, Nash et al. (2003) name a certain set of knowledge that should be achieved in training courses. An understanding of: transdisciplinary research; the history of interdisciplinary science and philosophy of science; the core theories and research methods used in biological, behavioral, and population sciences; and research ethics.
These categories are very broad and quite vague. Furthermore, they were derived from research in the field of tobacco science. For the area of farming systems research, we believe there is need for a more specific set of knowledge (which to our knowledge has not been defined so far); we suggest two main types: First, specific knowledge from different disciplines connected to food and farming topics is essential to obtaining a holistic picture of the agro-food system. Although this knowledge is important, it is not part of our empirical research in this paper. As such knowledge is obtained through other courses within the Master program, it is seen as a sort of pre-requisite of our students, and therefore the course does not aim to equip students with this knowledge.
The second type is grounded knowledge about systemic thinking and practice. Systems thinking and practice is a necessary foundation and framework to understand and apply inter-, and transdisciplinarity (Fiala and Freyer 2016; Freyer et al. 2010; Hadorn et al. 2008; Ison 2008) .
Systems thinking is driven by the assumptions that interconnections matter and that many properties of a whole cannot be explained when only considering their isolated parts (Von Bertalanffy 1968) . Of the many existing definitions of 'system', a prominent one is that of Ison (2008, p. 147): "An integrated whole whose essential properties arise from the relationships between its parts".
Systems thinking is a key competency for transdisciplinary research, because it helps to reflect the holistic perspective of stakeholders' complex real-world problems. It also enables the combination of different disciplines, perspectives and knowledge types to analyze it, therefore ensuring inter-, and transdisciplinarity. Since its introduction, system theory has witnessed strong diversification3 (Ison 2008) , but in all their diversity, different system approaches share more or less similar core concepts: (i) the idea of emergent properties; (ii) boundaries; (iii) hierarchies; (iv) structure (elements and their relations); (v) function; and (vi) feedback (Checkland and Scholes 2007; Ropohl 1999) . Therefore, we add that students taught in transdisciplinary research should understand the core concepts of systems thinking and practice, and be familiar with its core concepts.
Skills and abilities
Finally, Nash et al. (2003, p. 45 ) names the following skills as necessary to conduct transdisciplinary research: (i) communication and interpersonal skills; (ii) criticalthinking skills; (iii) perseverance in overcoming obstacles; (iv) patience in knowing that the benefits of training take time to be realized; (v) inclusive thinking; (vi) broad-gauged, contextually oriented theorizing; (vii) application of strong research methods; and (viii) use of a methodologically pluralistic approach.
Having already stated that skills are more complex than attitudes or knowledge, this becomes even more obvious when we look at four capabilities which are defined by Muhar, Visser, and Van Breda (2013, p. 123) and should be considered in transdisciplinary research practice and teaching: Expertise in both skill sets described by the authors above should be an outcome of a course on transdisciplinary research. In the next section, we focus on how to train students to develop and use these competencies.
Teaching transdisciplinary competencies: didactic methods & pedagogies
There are various ways to teach transdisciplinary competencies to students, but all of them have to use certain didactic methods and follow to some degree fitting pedagogies. Nash et al. (2003) lists the following didactic methods that are suitable for training transdisciplinary competencies: course work, seminars and workshops, interactive groups, institutional environment, mentoring relationship and research experience. We will later see how the course under evaluation used these methods.
Transdisciplinary pedagogical approaches or pedagogies are situated on a higher level and combine different didactic methods to ensure transdisciplinary learning. In general, McGregor (2017) states that transdisciplinary learning (i.e. the training of abilities that helps people from different areas to deal with complex problems in a collaborative way) needs an inquiry based pedagogical approach. More specifically, he names nine possible higher education pedagogies that should ensure transdisciplinary learning of students (see table 1 ).
As we pointed out in the introduction, there exist many attempts in the area of higher education of food and farming systems to adopt such pedagogies and apply fitting didactic methods outside of normal Bachelor and Master curricula. Prominent examples are transdisciplinary case studies realized via summer schools4 or larger research and education projects. Such case studies are powerful devices to teach and train people in transdisciplinary research, often following the approach of an embedded case study introduced by Scholz and Tietje (2002)5: Researchers, students and stakeholders work together over a longer period of time to investigate and improve real-world situations. For example, in the case study "Leben 2014",6 two universities paired up, several courses were matched with each other to contribute to the project, and over a period of two semesters, students worked together with several stakeholders from nine rural Austrian communities to create future scenarios for the region Oberpinzgau. Other attempts are one to two week-long summer schools, which focus on experiential learning about food and farming systems.7 Those summer schools "provide an exceptional format for learning about food systems. As residential, immersion programs, they offer opportunities to use learning methods and pedagogical approaches that maybe infeasible in traditional courses." (Grant et al. 2018, p. 169) .
The course under evaluation incorporates characteristics of transdisciplinary case studies and experimental learning and seeks to transport these elements into normal curricula. We assume that this attempt will face some challenges, but also show potentials and maybe some advantages in comparison to extra-curricular activities. In the following section, we describe the course in detail.
"System Analysis and Scenario Technique" -a simplified transdisciplinary case study
The course is a 5 European Credit System (ECTS) seminar for Master students from the area of agro-ecology and organic farming systems, held once every winter semester.
"The aim of the course is to create communities of practice, which help students to use systems thinking conceptually and in practice. It seeks to challenge reductionism and disciplinary / institutional isolation, and to create new knowledge for real-world situations."8
It therefore has a clear systems-based transdisciplinary orientation, and participants are encouraged to deal with real-world problems.
The main approach to achieve this aim is that of a simplified version of a transdisciplinary case study, and regardless of the obvious limitations of a weekly course, the course "System Analysis and Scenario Techniques" attempts to transfer some of these core transdisciplinary methodological characteristics into the framework of a 8 See the course description in Boku online: https://online.boku. ac.at/BOKUonline/wbLv.wbShowLVDetail?pStpSpNr=281163&pSpra cheNr=1.
Master course within a traditional curriculum. The class begins by splitting into groups of four to five students. Each group has to conduct a systemic analysis of one real-world case (chosen from organizations involved in the wider Viennese organic agrofood system (e.g. farmers, retailers, alternative food networks etc.). They work together with their "case owners" (i.e. important stakeholders of their case-organization). On the foundations of this analysis, the groups create future scenarios for their cases that illustrate how the case owners could overcome current problems (as defined by the case owners and the students).
The main difference to a traditional case study is that not all students work on different aspects of the same case, but each group of students focus on a smaller case study. This concession was made due to organizational and institutional reasons, as it proved difficult to find fitting larger case studies and the smaller group reports fit more into the traditional structure of courses.
Teaching transdisciplinary case studies involves two major responsibilities (see Steiner & Posch, 2006) : providing information on how to conduct transdisciplinary research, and the supervision of students during their case study work.
As such, the teacher first introduces students to system and scenario development. As part of this introduction we offer several training sessions on creating system diagrams during class time. During the introduction, students individually also read specific scientific articles that explain and further illustrat core methodological concepts of system and scenario development (see Chermack and Lynham 2002; Ison 2008; Meadows 1999) . They then write a short essay about their reading discussing the objectives, main messages of the article and how it could be useful for their group work. Supervision of students during their case study work, is organised as follows. Students are pre-organized into fitting case study groups and put into contact with their respective case owners. They are required to organize meetings, communication and gather data for their system and scenario development. They must summarize their findings in a written group report, which they present at the end of the semester. The groups have various chances to present their work during the semester and receive feedback from the lecturer and their fellow peers. Table 2 summarizes and explains the main didactic methods within the course. We can see that most of the didactic methods named by Nash et al. (2003) are found within the course (with one exception: institutional environment). See table 2.
Material and Methods
In the winter semester 2013/14, the course "System Analysis and Scenario Technique" was reorganized and the structure described above was established. In the four years from 2013/14 until 2016/17, 146 students participated in the course (on average 36.5 per year). The list of the participating students was retrieved via the online teaching system BOKU online. One hundred and eleven of the students' university email addresses could be recovered9 and those students were invited to fill out an A questionnaire was created for the survey using the theoretical framework described above. The questionnaire began with a question to assess student memory of the course and describe its aims. Other parts of the questionnaire were separated into two major parts. In the first part, questions about the influence of the course on the transdisciplinary competencies of the participants (i.e. attitudes, knowledge and skills) were asked (research question 1). The second part focused on the didactic methods applied in the course, its qualification as transdisciplinary pedagogy as well as its general importance and strengths and weaknesses (research question 2 and 3). A pre-test among former students was conducted to check if the questionnaire was understandable.
10 The 37% refers to all students that participated in the seminar this year. If the responses of the number of students we actually invited were examined, the return rate would be 44%. 
Activities Explanation
Input on system development Input on system theories, methods for data collection and interpretation, introduction to system diagrams Input on scenario development Introduction to theoretical background of scenario development, explanation of methodological approach
Course work on systems diagrams Training in creation of several systems diagrams in class (system map, influence diagram, multiple cause diagram (Ison, 2008) Reading Reading of three scientific articles (Chermack & Lynham, 2002; Ison, 2008; Meadows, 1999) For the majority of questions, a unipolar, five-part rating scale was used (see table 3-5). Here, participants indicated to what degree they agreed with certain statements.11 Since the data are based on an interval scale, the location parameter medians, and the 1st and 3rd quartile as well as the distribution of answers were calculated (see Bortz & Döring, 1995) .
For those questions that asked about transdisciplinary attitudes, the attitudes listed by Nash et al. (2003) , were used to create the questions. The rating of questions concerning student skills were built on the foundation of the capabilities of Muhar et al. (2013) , rating of questions about transdisciplinary pedagogies were created using the respective pedagogies from McGregor (2017).
Open-ended questions were also included in the survey, allowing participants to formulate answers. These included defining the terms system and core systems concepts. Answers were evaluated using the core concepts of systems theory mentioned below (Checkland and Scholes 2007; Ropohl 1999) . The different concepts each participant could name were documented. Furthermore, students were asked to describe course strengths, weaknesses and ways of improving. The answers about the strengths, weaknesses and improvements were paraphrased and in a second step grouped into categories.
Finally, there were two special questions in the survey. In one question, participants were not asked to rate but to rank the different didactic methods according to their influence on acquiring competencies. Since the data were placed on an interval scale, once again the location parameters median, and the 1st and 3rd quartile as well as the distribution of answers were calculated. For the second question, we applied a semantic differential ( (Osgood 1952) see Figure 1 ). Semantic differentials were used to capture connotative meanings of terms or object. For this, a number of bipolar contrasting pairs of adjectives were formulated. Participants had to assess on a bipolar rating scale which end of the pair fitted the object of interest better (see Bortz and Döring 1995) . In our survey, the object of interest was the skillset of the participants. We used the list of transdisciplinary skills of Nash et al. (2003) to create seven contrasting pairs. One pole of the pair was a transdisciplinary skill, the other was a fitting opposite. Participants had to indicate on a bipolar five-part rating scale which adjective fitted their skillset better. To present 11 There were two exceptions where a unipolar, five-part rating scale was used, but participants did not have to "agree" with statements; for question K1, participants assessed their knowledge; with I1, they indicated the importance of the seminar for their future work (see table 3 and 5). the semantic differential, the means of the answers were calculated. These two specific survey techniques were not only important for our data collection but were also used to capture the attention of the participants to enable more complete surveys.
All the questions mentioned above were analyzed using only descriptive statistics. There was no comparison between students from different years.
Ethical approval:
The conducted research is not related to either human or animal use.
Results
In the following section, we present the results of the survey for the years 2015/16 and 2016/17. As the differences between them appear to be quite small, we do not distinguish the results between the two years.12
Recollection of the course
From the total of 34 students of the two course years participating in the survey, 26 remember the aim of the course and 25 described it in their own words. None of the participants were able to recall the aim of the course word for word, but all participants could identify its core activities or concepts. This indicates that students have some memory of the course, which might increase the quality of their responses. Table 3 shows the distribution of answers and the location parameters for questions about transdisciplinary competencies (attitudes, knowledge and skills).
Transdisciplinary competencies

Attitudes
The vast majority of participants stated that they followed the attitudes necessary for transdisciplinary research as mentioned by Nash et al. (2003) . Most participants agreed with the attitude: "I value transdisciplinary collaboration" 12 For the 27 relevant answers, the median-as the most important location parameter for most of the questions-differed only 11 times (and never more than one rank). The questions with differences were (see table 3-5): A1.5 (0,5 ranks difference), A2.1 (0,5), A2.3 (1), A2.4 (1), A2.5 (1), K2 (1), SK4 (1), TP1.5 (0,5), TP1.6 (1), TP 2.1 (1), TP2.2 (1) in which 80% of the survey participants "strongly agreed". This was followed by the attitudes "openness to combine different disciplines" and "venturing outside my own expertise". "Willingness to take risks" and "knowledge about own abilities" received the least degree of agreement. When asked whether the course encouraged them to take on these attitudes, most participants also agreed, but not so strongly as with the attitudes themselves. The median for: "I value transdisciplinary collaboration" was situated between "strongly agree" and "agree". For: "openness to combine different disciplines" and "venturing outside my own expertise" the median was "agree". For the last two attitudes "willingness to take risks" and "knowledge about own abilities" the median was "partly agree". We see here that the perceived influence of the course correlates with the overall agreement for an attitude.
The results indicate that participants believed that they have the necessary set of attitudes to perform transdisciplinary research and that to some extent, the course encouraged them to take on such attitudes.
Knowledge
Fifty-eight percent of the survey participants assessed their knowledge about systems thinking and practice as "medium", 19% as "high" and 19% as "low". None of the participants assessed their knowledge as "very high", but one person (4%) perceived it as "very low". In comparison to transdisciplinary attitudes, student knowledge of the associated theory seems to be less pronounced.
When asked to give a definition of the term system, 83 % were able to provide a definition. When asked about core systems concepts, 66% were able to offer an answer. The actual core systems concepts were not mentioned very often. The most frequently named were feedback (9 times), followed by boundaries (7), elements (6), relations (6), hierarchies (5), emergent properties (5) structure (2) and functions (1). This would indicate that systems knowledge is not very high. However, it seemed that many students did not fully understand the questions, because other terms used in the course, such as hard or soft systems, scenario development or SWOT analysis were often mentioned. Finally, students were asked whether the course improved their knowledge of systems thinking and practice. Here, most students strongly agreed (46%) and only 7 % disagreed.
To summarize, students were of the opinion that the course increased their knowledge about systems thinking and practice (which is a core foundation of transdisciplinary research), but they also saw themselves as far from being experts in this field (which is also understandable, because the course is often a student's first interaction with systems thinking and practice labeled as such).
Skills
To assess how the course influenced the skills of the students, we asked two different sets of questions. First, we used the transdisciplinary skill set from Nash et al. (2003) to create a semantic differential with seven contrasting pairs of adjectives to describe the skill sets of participants. One pole of each pair always represented a transdisciplinary skill, the other the opposite.13 Survey participants indicated along the spectrum between each pair what adjective describes their skill set better. Figure 1 shows how participants assessed their skill set. After that, participants were asked whether participation in the course pushed them to one or the other side of the pairs (see also Figure  1 ). On average, the students viewed themselves slightly more on the side of the transdisciplinary skill set, but not necessarily to a high degree. The only exception to this trend was the skill pair "eager to take action" and "patient and binding". Here, students positioned themselves slightly on the side of "eager to take action". The way student skill sets were influenced through the course correlates very clearly with the general assessment of the sets. According to the differential, the course had the most impact on the critical thinking of students, followed by adaptation, holistic thinking and overcoming obstacles.
In addition to the semantic differential, students were also asked to assess how participation in the course fostered the transdisciplinary skills mentioned by Muhar et al. (2013) . The four broad capabilities were divided into six questions to avoid asking two questions at once.
The results indicate that for most of the skills, students agreed that the course had a positive influence on them. For five of the six questions, the median of the answers was "agree". The least agreement could be found with the skill "ability to balance different methods". Here, the median was only "partly agree". The rating of the influence indicates that students think that the course improved their skill sets. However, the semantic differential provides a slightly more differentiated picture if the course was able to equip students with the necessary skills.
Methods and Pedagogies in "System
Analysis and Scenario Technique"
Didactic Methods
Different didactic methods were used in the course (Table 2) . Students were asked to rank them according to influence on their attitudes, knowledge and skills, from most to least influential.
The results clearly show that the work on real-world cases had the largest influence on their learning process. All three activities associated with the practical group work were those most frequently placed in the top three rankings (see medians in Table 4 ). The practical work with real case owners on concrete real-world problems seems to have been the most influential part of the course. This was followed by the teachers' input on systems development and in-class group work on system diagrams. On the lower end of this ranking are the activities connected with reading tasks (reading three scientific papers and writing short essays about them).
Transdisciplinary pedagogies
When asked whether, in their opinion, the course could qualify as part of certain transdisciplinary pedagogies (McGregor 2017), the students "mostly agreed". Table 5 shows that the median for all answers to questions addressing whether the course could be part of a useful transdisciplinary pedagogy was "agree". Most students found that the course enabled them to recognize broader connections, shift to holistic perspectives and see broader patterns.
The majority of students also highly agreed that the course formed part of a holistic and integrative education, as well as an education that was useful and relevant for the students themselves.
Strength, weaknesses and general importance
When asked about the importance of the course, 32% of survey participants considered the course as "very important" for their future work. Thirty-two percent regarded the course as "important" and 24% as "somewhat important". The median for this answer was "important". Thus, in general the course seems to play a weighty role in the education and perceived future relevance of the students. When asked about strengths, weaknesses, and possible improvements to the course, 24 students named strengths, 22 offered weaknesses and 11 suggested ways in how to improve the seminar.
The most strengths named fell into the categories of: work on real-world cases (14 times), followed by a motivating and enthusiastic teaching style (7 times); unique in comparison to other courses in the Master program (6); work in interdisciplinary learning groups (6); systems methodology (4); general quality of the course (4); appropriate work load (2); scenario methodology (2); plurality of activities (1); interesting case studies (1); and its practicality (1).
These strengths confirm the results of the ranking of the didactic methods and show that working with realworld cases was very important for this course.
Common weaknesses were found in the areas of: problems regarding group work (group forming, size, etc.) (4 times); high workload (3); confusion about tasks (3); quality of case studies (3); complex and abstract subject matter (3); confusion about grading (3); unclear structure of the course (2); repetitions within the presentations (1); weak learning materials (1); and little connection to current research and innovation agendas (1).
Suggestions for improving the course could be divided into the following groups: reduction of workload and stress (4); provision of more time in the curricula for this course (4); more guidance from course (3); clearer presentations from teacher (3); reduction of group size (2); and to shift focus from theory to practice (2). Six suggestions only mentioned once are not listed here.
Discussion -bringing transdisciplinary approaches into standard curricula
Before focusing on the importance of our results for education in food and farming research, we want to point out two method-and framework-related remarks.
First, the main method for creating results was a quantitative questionnaire. How far this method is appropriate for identifying student competencies and their opinions about the quality of a course, must be regarded with some caution. While an online survey may be an appropriate tool for assessing the attitudes of participants, it only provides incomplete information about their de facto knowledge and skills. More detailed qualitative research, such as interviews with individuals or focus groups with multiple students, could provide deeper insights. In addition, ongoing long term evaluations (see Grant 2013) would help to understand different transdisciplinary teaching approaches. Finally, we wish to point out that the small sample size of this work makes generalizations difficult. Our research is explorative and should spark discussion and further investigations.
Second, the theoretical framework applied here to describe transdisciplinary competencies shows that there is a clear need for a discussion about what those competencies in the field of farming systems research might be. Competencies, such as those introduced by Nash et al. (2003) , have not been created for this particular field of research, and specific knowledge concerning systemic thinking and practice as an important foundation for transdisciplinary research is not mentioned. A discourse should be started within the IFSA community about what explicit food and farming transdisciplinary competencies are. This paper focused on the challenges and benefits of using a transdisciplinary case study approach in a traditional course format within a standard Master program. Through a survey among former participants we specifically focused on the questions: Can the course help to equip Master students with transdisciplinary competencies? Does the course qualify as transdisciplinary pedagogy? And what are the most effective didactic methods to achieve both? Our results indicate that the course has the potential to increase some of the necessary competencies for applying transdisciplinary research. Students that participated in the course found that most of the changes in their path towards transdisciplinary research occurred in their personal attitudes. Participation in the course also increased their knowledge of systems thinking (as a necessary requirement for doing transdisciplinary research), but still, on average, participants assessed their knowledge as only mediocre. Also, in regard to their skillsets most students agreed that the course had positive effects, with some notable exceptions (e.g. not increasing patience of students).
The results concerning applied didactic methods, and therefore our second research question, clearly show that according to the participants, activities connected with work on real-world cases (interaction with case owners outside university, practical application of methodology and feedback in class) had the most influence on their competencies. This is consistent with research connecting education and curriculum development to encompass participatory methods, real-world problems and experiential learning among other action-oriented educational approaches (see e.g. Francis et al. 2015; Lieblein et al. 2007 ). This further substantiates the potential of transdisciplinary case studies to assist in the acquisition of necessary competencies. Moreover, when directly asked whether the course qualified as part of different transdisciplinary pedagogies, most of the students agreed.
Thus, it seems bringing transdisciplinary and experiential learning into normal curricula has clear benefits. However, our research also clearly showed limitations of such attempts, and explains why many such activities take place outside normal curricula. Time constraints within traditional university programs and These results are verified when we look at the general evaluation of the BOKU courses.14 The BOKU evaluation also confirmed one of the main weaknesses found in our survey, that the most negative aspect of the course for both years was the amount of time required from the students. In 2016/17 and 2015/17, 30% and 85%, respectively, of the responders said the workload was too high. Thus, although more complex and interdisciplinary research fields are being created or are gaining popularity-e.g. agroecology, sustainability studies, food studies, systems, etc. (Méndez et al. 2015 )-examples of experiential action-based learning, including transdisciplinary courses that focus on real-world problems and stakeholder integration, continue to be difficult to find (Parr et al. 2007 ). However, integrating transdisciplinary case studies and experiential learning into the standard structure of Master curricula have benefits that are often overlooked: - Grant et al. (2018) list several quality design criteria for experiential food systems learning, and state that summer schools face time constraints which hinder them from: raising awareness about the wider context, exploring food and farming systems in detail, applying interdisciplinary approaches and integrating knowledge produced by diverse stakeholders. All of these are important criteria for ensuring experiential learning. A semester long, weekly course helps to overcome such problems by regular training, reflections and time for additional research by the students -If a course is part of the standard curricula, it will be available for more students and will therefore reach a higher number of key stakeholders -The integration of experiential and case study-based learning into standard Master curricula also offers the opportunity to align and match the courses with the rest of the program. This can help with appropriate chronology of courses, to capitalize on synergies, and lead to a truly integrative curriculum for the students
